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Prostaglandin F2« was determined by radio-immuno assay in the procaryotic organisms Microcystis aerugin-
osa, Anabaena variabUis, Anacystis nidulans and Pseudomonas sp. In addition certain fatty acids, which are 
indirect precursors of arachidonic acid in animals, were determined by gas chromatography. Among others 
the unsaturated fatty acids C18:1, C18:2 and C18:3 occurred in M. aeruginosa and A variabilis. Ofthese, only 
C 18:1 occurred in A nidulans and Pseudomonas sp. 
Prostaglandien-F2« is met behulp van radio-immuno-essaiering bepaal in die prokariotiese organismes Micro-
cystis aeruginosa, Anabaena variabUis, Anacystis nidulans and Pseudomonas sp. 'n Aantal vetsure wat 
indirekte voorlopers van prostaglandiene in diere is, is bepaal met behulp van gaschromatografie. Benewens 
ander het die onversadigde vetsure C18:1, C18:2 en C18:3 voorgekom in M. aeruginosa en A variabilis. Van 
hierdie vetsure het slegs C 18:1 voorgekom in A nidulans en Pseudomonas sp. 
Ke)"oYOrds: Blue-green algae, cyanobacteria, prostaglandin F2«, radio-immunoassay 
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Introduction 
Cyanobacteria, like bacteria, have a procaryotic cell 
structure. Their photosynthetic metabolism however 
resembles that of higher plants. They do not possess 
membrane-enclosed organelles and their cell wall 
materials are chemically different from those of higher 
plants (Fogg et al. 1973). 
Gas chromatographic analysis of the fatty acids of 
various Microcystis isolates and other members of the 
order Chroococcales as well as Anabaena variabilis in 
our laboratory (see also Stewart 1974) revealed that they 
possess indirect precursors of prostaglandins (in animals) 
such as oleic acid (C18:1), linoleic acid (CI8:2) and 
linolenic acid (CI8:3), (Gurr & James 1975). 
Prostaglandins (PGS) are C20 compounds (Hinman 
1972) which were first discovered in mammalian 
systems, but are now known to occur widely in the 
animal kingdom. They are hormone-like substances and 
affect a wide range of physiological processes. The 
biosynthesis of PGF20 (9, 11, lS-trihydroxyprosta-S,13-
dienoic acid) begins with arachidonic acid, which is 
derived from phospholipids (phospholipase catalyzes 
this reaction). The conversion of arachidonic acid to lS-
hydroxyperoxy-9,11-endoperoxide (PGG2) is catalyzed 
by cyclooxygenase. PGG2 is converted to PGH2 and this 
compound is converted to PGF2u by PGF2<:x isomerase. 
PG may play an important role in the regulation of 
membrane functions. Bishomo--y-linolenic acid, arachi-
donic acid and S,8,11,14,17-eicosapentaenoic acid are 
other direct precursors of PG. 
Since 1973 PGs have also been discovered in plants 
(Attrep et al. 1973). Attrep et al. (1980) confirmed these 
results with more exact tests. Gregson et al. (1979) 
detected PGE2 and PGF2c< in the red alga Gracilaria 
lichenoides. Prostaglandins were also discovered by 
other workers in other plants (Alaudinov & Levin 1979; 
Pobozsny et al. 1979; Levin et al. 1981; Janistyn 1982; 
Groenewald et al. 1983). Prostaglandin-like compounds 
have also been discovered in a number of different plants 
(Zimmerman & Feng 1978; Miyares Cao & Menendez 
Cepero 1976; van Aller et al. 1983; Bohlman et al. 1981, 
1982). 
Bild et al. (1978) extracted an enzyme (lipoxygenase-
2) from soybeans which catalysed the oxygenation of 
arachidonic acid to form a PG (PGF2,,). 
It has also been known that PGs are physiologically 
active in plants. For instance Freimanis (pers. comm. 
1985) found with that PG increased membrane permea-
bility to potassium ions in Nitella flexilis. This effect was 
only observed in the presence of calcium ions. PG= may 
also possibly playa role in the flowering of Pharbitis nil 
(Groenewald & Visser 1974; Groenewald & Visser 1978; 
Groenewald et al. 1983). 
Roblin & Bonmort (1984) found with Cassia fascicu-
lata that certain PGs speeded up the dark-induced 
(scotonastic) and light-induced (photonastic) leaflet 
movements of the plant. Curry & Galsky (1975) found 
that applied PGs induced enzyme (acid phosphatase) 
activity in embryoless barley half seeds. 
Very recently we were able to demonstrate the occur-
rence of PGF2<:x in three different South African 
bryophytes (Groenewald & Kruger, unpublished 
results). Ichikawa et al. (1984) discovered new cydo-
pentenonyl fatty acids (prostaglandin-like compounds) 
in Japanese mosses. 
Hitchcock & Nichols (1971) reported the occurrence 
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of precursors of prostaglandins [bishomo--y-linolenic 
acid (20:3), arachidonic acid and eicosapenteanoic acid] 
in certain algae. Furthermore it appears that PGF:zc, is 
the most abundant PG thus far occurring in plants (Bild 
et al. 1978; Gregson et al. 1979; Groenewald et al. 1983; 
lanistyn 1982). We therefore decided to investigate the 
occurrence of PGF2a in procaryotic organisms namely 
M. aeruginosa, A . variabilis, A. nidulans and Pseudo-
monas sp., the latter a non-photosynthesizing organism. 
Materials and Methods 
Organisms 
Microcystis aeruginosa (UV-006) was isolated from the 
Hartbeespoort Dam (Pretoria) by W.E. Scott, Anacystis 
nidulans (ATCC 27144) and Anabaena variabilis (ATCC 
29413) were obtained from Dr S. Scherer, as well as a 
Pseudomonas species. 
The cyanobacteria were cultured at 28°C in 5-dm3 
Erlenmeyer flasks illuminated from below. The fluence 
rate was 100 f.LMol photons m-2 S-I at the bottom of the 
flasks. The cultures were aerated with 0.5% CO2 in air. 
Cell material was harvested by centrifugation, washed 
with 0.85% NaC! and freeze-dried . The bacterium was 
cultured at 30°C, using soybean casein digesting 
medium USP, for 48 h on a shaker, harvested by centri-
fugation, washed (0.85% NaC!) and subsequently 
freeze-dried. Cells were harvested at the beginning of 
the stationary growth phase. 
Fatty acid analysis 
Extraction and preparation of the fatty acid methyl 
esters were carried out according to the method of 
Gunasekaran & Hughes (1980). The methyl esters (in n-
hexane) were analysed on a Hewlett-Packard Model 
5830A gas chromatograph with a glass column (2.5 mm 
ID x 1.5 m) filled with 3% SP-2310/2% SP2300 
adsorbed on chromasorb W (80-100 mesh) as stationary 
phase. The flow rate of N2 was 40 ml min-I and the 
column temperature programmed to increase lineary 
from 160°C to 230°C at 30°C min-I. The esters were 
identified by comparison with authentic standards. 
Extraction and determination of prostaglandins 
The mass of freeze-dried material used for extraction 
was as follows: M. aeruginosa 16.32 g, E. variabilis 6.39 
g, A . nidulans 954 g, Pseudomonas sp. 9.48 g. 
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The method of Lee et al. (1967) was used for the 
extraction and partial purification of PGF2". The freeze-
dried material was freeze-thawed and sonicated and this 
material was separately extracted with 5 mM sodium 
phosphate buffer. This mixture was filtered and ethanol 
added to make the solution 80% in ethanol (v/v) to 
precipitate the protein. This ethanol solution was stored 
in a cold room at 30°C for 15-20 hr. After this period, 
the solution was filtered and the ethanol removed with a 
rotary vacuum evaporator at 35°C. The pH of the 
remaining mixture was adjusted to 8 with 5N sodium 
hydroxide and partitioned against equal volumes of 
petroleum ether 3 times, after which the ether fraction 
was then discarded. The pH of the solution was adjusted 
to 3 with 2N . citric acid, partitioned against equal 
volumes of petroleum ether (3 times) and the ether layer 
was discarded. The solution was then extracted with 
equal volumes of chloroform (3 times) and the chloro-
form layers were pooled. The chloroform solution was 
then evapotated at 35°C. The residue was removed 
from the flask by washing with 3 ml of ethanol/chloro-
form (1:1 v/v) 3 times. This solution was then evaporated 
in a water bath (50°C) by passing a stream of N2 over 
the sample. This fraction was designated as the crude 
plant extract. 
PGF2a was isolated from this extract by TLC (silica 
gel) using authentic PGF2u as standard and the organic 
phase of ethylacetate-MeOH-H20 (160:3:100 v/v) as 
solvent. The standard PGF2a was detected with the aid 
of iodine vapour while the corresponding layer of silica 
gel of the sample was removed and extracted with 
methanol. After evaporation of the methanol the residue 
was used for detection of PGF:zc, by using a radio-
immunoassay (RIA) kit based on monoclonal antibodies 
and specific for PGF2a (Clinical Assays, Cambridge, 
Massachusetts, USA). The assay procedure includes the 
preparation of a standard curve in which known amounts 
of PG (radioactive and non-radioactive) are used to 
compete for a fixed amount of prostaglandin antibody. 
This standard curve is then used to determine the 
prostaglandin content of the assay samples from the 
binding obtained with each sample (Groenewald 1981). 
Results and Discussion 
The results are depicted in Table 1. Gas chromato-
graphic analyses of the experimental material revealed 
Table 1 Fatty acid and prostaglandin F2a content of procaryotic organisms 
Polyunsaturated Polyunsaturated C18:1 C18:2 C18:3 C20:0 
fatty acids* fatty acids* PGF2<. 
Organism (mg g-t dry mass) (%)** % mgg-t % mgg- t % mgg-t % mg g-t pg g-t dry mass 
Pseudomonas sp. 0 0 45.3 23.1 0 0 0 0 0 0 109.7 
Anac}'stis nidulans 0 0 13.7 36.8 0 0 0 0 0 0 93.7 
Microc},stis aeruginosa 21.2 39 2.5 3.2 22.9 30.5 14 6.8 8.3 11.3 225.5 
Anabaena I'Uriabilis 8.1 39 0.23 0.66 5.9 17.9 12 2.6 0 0 135.5 
*Fatty acids with two or more double bonds are regarded as polyunsaturated fatty acids 
**Based on peak areas 
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the occurrence of fatty acids ranging from C14:0 to 
C20:0. Of these C18:1, C18:2 and C18:3 are indirect 
biogenetic precursors of prostaglandins in animals and 
known as essential fatty acids (Gurr & James 1975). 
Pseudomonas sp. and A. nidulans contained only C18: l. 
A. variabilis and M. aeruginosa contained C18:1, C18:2 
and C18:3. Interestingly M. aeruginosa also contained 
the fatty acid C20:0 (Table 1). 
RAJ revealed that all organisms contained PGF2a in 
concentrations ranging from 93.7 to 225.5 pg g-J dry 
mass. It was striking that M. aeruginosa, containing the 
fatty acid C20:0, possessed the highest concentration of 
PGF2,,· 
The concentration of PGF2c. detennined in Kalanchoe 
blossfeldiana by Janistyn (1982) was 1 ng g-J fresh weight 
and the value obtained by Groenewald et al. 1983 for 
Pharbitis nil, was 28.2 ng g-J fresh weight. Therefore the 
values obtained for flowering plants were essentially 
higher than the values obtained for procaryotic 
organisms. 
Although we have not investigated the enzymes that 
catalyze arachidonic acid to PGF2u , Vick & Zimmennan 
(1981) have shown the occurrence of the enzymes lipoxy-
genase, hydroperoxide isomerase and hydroperoxide 
cyclase in young cotton seedlings. Lipoxygenase 
catalyzes the oxygenation of linoleic or linolenic acids, 
predominantly at carbon 13. Hydroperoxide isomerase 
converted hydroperoxylinoleic or hydroperoxylinolenic 
acids to (X- or ),-ketols. The enzyme utilizes the 13-
hydroperoxy isomer in preference to the 9 isomer. 
Hydroperoxide cyclase catalyzes the conversion of 13-
hydroperoxylinolenic acid to 12-oxo-phytodienoic acid. 
This last compound is a prostaglandin-like compound. 
It therefore seems that prostaglandins occur in the 
most primitive plants. 
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